Purpose of review: Zika virus (ZIKV) was not initially thought to be an important cause of neurologic disease, but with the recent epidemic in the Western Hemisphere, there is a growing body of evidence for possible neurologic complications. This review discusses these in addition to what is known about modes of transmission, testing for the virus, as well as future directions. Recent findings: ZIKV disease has been associated with microcephaly and congenital eye disease in infants, as well as with Guillain-Barré syndrome, uveitis, myelitis, and meningoencephalitis in adults. Summary: Even though most infections are asymptomatic, there are important possible neurologic complications of ZIKV disease in both children and adults of which neurologists should be aware.
The current ZIKV epidemic in South America likely began in late 2014 or early 2015. Local transmission of ZIKV disease was first reported in Brazil in May 2015. 10 Evidence suggests local transmission in northeastern Brazil was occurring as early as March 2015. 11, 12 As of September 29, 2016 , the virus had spread to 49 counties or territories throughout the Western Hemisphere, with just over 650,000 suspected or confirmed ZIKV disease cases reported to public health authorities. 13 The US Centers for Disease Control and Prevention (CDC) activated their Emergency Operations Center on January 22, 2016 , and the WHO declared a Public Health Emergency of International Concern on February 1, 2016.
14 Locally acquired mosquito transmission of ZIKV disease has been reported in the United States territories of American Samoa, US Virgin Islands, and Puerto Rico, and in Miami-Dade County in Florida as of September 2016. 15 There have also been over 3,565 travel-imported cases of ZIKV disease in the mainland United States reported as of this time. [15] [16] [17] [18] Transmission and systemic symptoms ZIKV is predominantly transmitted through the bite of a mosquito, usually either Aedes aegypti or Aedes albopictus. These mosquitoes lay eggs near areas of standing water including buckets, bowls, pots, flower vases, and tires. They are active biters both during the day and night. These mosquitoes are also known carriers of both chikungunya and dengue viruses. 19 ZIKV can also be transmitted through sexual intercourse. 19 The first reported case of sexual transmission involved a virologist who had been working in Senegal, and upon returning home had vaginal intercourse with his wife, who developed symptomatic ZIKV infection without any other known exposure. 20 There have also been reports of ZIKV transmission between a man and his nontraveling male partner, likely via anal sex, 21 apparent transmission from a man to his female partner through oral sex, 22 and recently of suspected female to male transmission. 23 ZIKV has been detected in human semen. During the 2013 epidemic in French Polynesia, a man from Tahiti was being evaluated for hematospermia 2 weeks after a febrile illness compatible with ZIKV disease. ZIKV nucleic acid was detected by reverse transcription PCR (RT-PCR) in his semen and urine, but not blood. 24 In another case, a 32-year-old man developed symptoms of ZIKV disease 2 days after returning home from South America. Two weeks after his recovery, blood, urine, and semen were collected, and RNA analysis showed a viral load roughly 100,000 times greater in the semen than in the blood or urine. 25 It is not known how long ZIKV itself persists in semen, though ZIKV nucleic acid has been detected in semen as long as 62 days after symptomatic illness. 26 It is likely that ZIKV can be transmitted through blood transfusion, although the frequency of this remains unknown. During the 2013 outbreak in French Polynesia, 3% of the blood donor pool of asymptomatic donors was positive for ZIKV disease using nucleic acid testing. 27 In addition, in Brazil, there was a report of probable ZIKV transmission through a platelet transfusion from a donor who became symptomatic several days after blood donation. 28 There are no reported cases of blood transfusion transmission in the United States. The CDC examined blood donations in Puerto Rico between April 3 and June 11, 2016, using a nucleic acid test and found that 68/12,777 (0.5%) samples were positive for ZIKV. 29 Other flaviviruses such as dengue and West Nile viruses can be detected in breast milk, [30] [31] [32] and while there is evidence for the presence of ZIKV in breast milk, there is no clear evidence for transmission. During the 2013 outbreak in French Polynesia, 2 women gave birth to It is likely that ZIKV can be transmitted through blood transfusion, although the frequency of this remains unknown.
infants and both had symptoms of a viral disease 2 days prepartum and 3 days postpartum, respectively. RT-PCR detected ZIKV RNA in the serum of both newborns and in the breast milk of both mothers. Live virus was not cultured in breast milk. 33 The CDC currently recommends mothers breastfeed their children given that there have been no proven cases to date of this mode of transmission, and the benefit likely outweighs risk. 19 The majority of human infections (as high as 80%) with ZIKV are likely asymptomatic. 9 Those with symptoms typically develop a diffuse maculopapular rash, fever, arthralgias, myalgias, headache, or a nonpurulent conjunctivitis. 9 The conjunctivitis is unusual as this rarely occurs following infection with other flaviviruses. The incubation period of ZIKV infection is unknown, but likely is between several days to 2 weeks. Viremia typically lasts for up to 1 week. Symptoms of the illness typically last several days to 1 week, and most people recover completely. 34 Neurologic symptoms and complications ZIKV disease is not unique in its ability to cause neurologic symptoms. Other flaviviruses known to cause neurologic disease in humans include West Nile, yellow fever, St. Louis encephalitis, dengue, and Japanese encephalitis viruses.
Based on a dramatic increase in cases of microcephalic infants during the recent Brazilian outbreak of ZIKV, there was speculation that ZIKV infection may be a potential etiology. This association has become clearer over time, and the CDC and WHO both recently announced that accumulating evidence supported a causal association. 35 As an example, in February 2016, it was reported that a 25-year-old woman who had lived and worked in Natal since 2013 became pregnant in February 2015 and became ill during her 13th week of gestation with a febrile illness. She was not initially tested for ZIKV, but an ultrasound at 32 weeks gestation suggested intrauterine growth restriction and demonstrated intracranial calcifications and hydrocephalus. Following termination of the pregnancy, autopsy of the fetal brain confirmed the ultrasound findings, but in addition showed a lack of gyri and poorly developed basal ganglia. ZIKV was detected via RT-PCR, and virions were found in the endoplasmic reticulum of cells on electron microscopy of brain tissue. 36, 37 ZIKV RNA has also been detected in the amniotic fluid of 2 women who gave birth to children with microcephaly. In these cases, the women presented with antecedent symptoms consistent with ZIKV infection at 10 and 18 weeks of their pregnancies, respectively. The genome of the virus was sequenced in 1 child and found to share 97%-100% of its genome with isolates from the 2013 outbreak in French Polynesia. 38 Recent work has shown that ZIKV is able to infect human neuronal precursor cells derived from pluripotent stem cells as well as brain "organoids" grown in culture. In both cases, infection is associated with apoptotic cell death and cell-cycle dysregulation, providing a plausible mechanism for microcephaly and abnormal brain development. 39 The CDC is tracking pregnancy outcomes in the United States and territories. 40 In addition to microcephaly, ZIKV disease has also been associated with ocular abnormalities in both infants and adults. One study looked at ocular findings in infants with microcephaly from presumed ZIKV infection. In this study, 29 mothers who gave birth to infants with microcephaly were included, and 23 of them reported symptoms compatible with ZIKV disease during their pregnancies. Of the 58 eyes examined, there were abnormalities found in 29% and about one-third of examined children had ocular abnormalities. The most common pathologies included pigment mottling of the retina and chorioretinal atrophy (seen in 11/17 Aside from the association with the peripheral nervous system, there are numerous case reports of ZIKV affecting the CNS as well. examined eyes) followed by optic nerve abnormalities in 8 eyes, bilateral iris coloboma in 1 child, and lens subluxation in 1 eye. 41 The study was limited as it only looked at presumed and not proven cases of ZIKV infection, it included a population from only 1 hospital, and other infections known to cause ocular disease, including West Nile virus and toxoplasmosis, were not excluded. Another study looked at ocular findings in 3 children with presumed cases of congenital ZIKV disease infection, and reported additional phenotypes of torpedo maculopathy, vascular changes, and hemorrhagic retinopathy. 42 Interestingly, a recent article described an infant with congenital ZIKV infection with a chorioretinal scar but without microcephaly. 43 Finally, in addition to the known feature of conjunctivitis mentioned previously, a case of ZIKV-associated uveitis in an adult has been described. 44 There is accumulating evidence that ZIKV infection is associated with Guillain-Barré syndrome (GBS). Some of the best evidence for this association comes from a case control study during the 2013-2014 outbreak in French Polynesia. 45 Cases of GBS were age-, sex-, and residence-matched with controls with a nonfebrile illness (group 1) and age-matched with controls who had acute ZIKV disease and no neurologic symptoms (group 2). Ninety-eight percent of cases had a positive ZIKV immunoglobulin (Ig) M or IgG test by indirect immunofluorescent or microsphere immunoassays and 100% of cases had ZIKV-specific neutralizing antibodies, compared to 36% (odds ratio 59.7) and 56% (odds ratio 34.1) of controls in group 1, respectively. The majority of GBS cases (93%) had ZIKV IgM, and 88% of them experienced a transient viral illness a median of 6 days before the onset of neurologic symptoms, suggestive of preceding ZIKV disease. Electrodiagnostic findings suggested a predominant acute motor axonal neuropathy variant of GBS, though not all cases had complete electrodiagnostic testing. There were no deaths, but 29% of patients required respiratory assistance. While certainly suggestive of a ZIKV-GBS epidemiologic link, this study was limited as it relied on the presence of ZIKV antibodies and not on the presence of virus itself.
Another recent case-control study looked at a group of patients in the Salvador region of Brazil who met the Brighton Collaboration criteria for GBS. Compared with controls, a higher proportion of patients with GBS reported preceding rash and conjunctivitis at a time of known local ZIKV transmission, again suggesting a possible association. 46 However, the findings of this study were preliminary.
In addition, there are several individual case reports of GBS with ZIKV detected in both urine and CSF. A recent study reported 2 patients with demyelinating GBS who had ZIKV viruria by RT-PCR, 1 at 15 days after neurologic symptoms onset and the other up to day 21. 47 Another case report has emerged of a 24-year-old patient who developed GBS and had evidence of ZIKV via RT-PCR from blood, urine, and CSF. 48 Another interesting case report described a man from Haiti who developed facial diplegia and acral paresthesias and then and went on to develop symptoms of Miller Fisher syndrome. The CSF was remarkable for protein of 114 mg/dL, and ZIKV infection was highly likely given positive serum and CSF IgM by ELISA and plaque reduction neutralization testing (PRNT) results. 49 Aside from the association with the peripheral nervous system, there are numerous case reports of ZIKV affecting the CNS as well. A recent case report described an association between ZIKV and meningoencephalitis in an 81-year-old healthy man. 50 Ten days prior to the onset of symptoms, he had been on a cruise in New Caledonia, Vanuatu, and in New Zealand. He had an MRI of the brain performed showing subcortical white matter hyperintensities on fluid-attenuated inversion recovery sequences, and CSF showed a polymorphonuclearpredominant leukocytosis of 41 cells/mm 3 , and a positive ZIKV RT-PCR. ZIKV was also cultured from CSF. 50 He ultimately was discharged from the intensive care unit after 17 days, and had returned to his baseline mental status by 38 days later, with some residual weakness of his left arm.
ZIKV has also been associated with one reported case of myelitis. The patient was a 15-yearold girl who was admitted to a hospital in Guadeloupe after she developed arm pain, headaches, and conjunctivitis followed by progressively worsening left hemiparesis, urinary retention, and a thoracic sensory level. MRI showed 2 longitudinally extensive myelitis lesions of 4 segments each in the cervical and thoracic spinal cord. RT-PCR was positive for ZIKV RNA from the blood, urine, and CSF. She was treated with a 5-day course of methylprednisolone, and although she remained weak 1 month after presentation, she was ultimately able to walk unaided. 51 In addition, there has been a case report of encephalopathy and seizures associated with ZIKV disease in 2 patients from Martinique. The first was a previously healthy young adult who developed generalized seizures 6 hours following symptoms of fever, headache, and arthralgias and was found to have ZIKV by RT-PCR of the serum, urine, and CSF. The second patient was a 70-year-old who had transient aphasia and an abnormal EEG with left frontotemporal slow waves, and again ZIKV RNA from blood, urine, and CSF. 52 Testing and reporting Zika virus infection Clinicians should suspect ZIKV disease in those with new rash, fever, arthralgias, myalgias, headache, or nonpurulent conjunctivitis with recent travel to ZIKV-endemic areas. Diagnosis of ZIKV infection primarily relies on molecular RT-PCR amplification of ZIKV RNA from body fluids (e.g., blood, urine, or CSF) during the first week or 2 of symptoms. 53 ZIKV RT-PCR testing of serum is highly specific and can be performed rapidly, but its sensitivity is limited because it may be negative after the first week of illness when viremia has abated. 53 Recent studies have shown that ZIKV nucleic acid may be detected in urine for 2 weeks or more after infection. In one observational study, no patients had detectable RNA via RT-PCR in the serum beyond 5 days but 9/11 urine specimens were positive. In this study of 66 people, 61 had positive urine testing, and 33 had positive serum. 54 The CDC Trioplex RT-PCR assay is authorized by the US Food and Drug Administration for ZIKV testing of urine. As of August 2016, the CDC recommends ZIKV RT-PCR testing of blood samples if within 7 days of symptom onset and urine sample if within 14 days of symptom onset. 53, 55 Serologic testing for ZIKV IgM antibodies may also aid in diagnosis, but may be difficult to interpret given heterologous antibody cross-reactions among the flaviviruses (e.g., dengue virus). For instance, a positive ZIKV IgM test by ELISA may reflect a recent Zika, dengue, or another related flavivirus infection. Virus-specific neutralizing antibody tests (e.g., PRNTs) can be used to better specify the infecting flavivirus; however, this may not be possible in all cases of secondary flavivirus infection as limited cross-reaction may sometimes occur. 56 Antibody testing may be particularly useful in ruling out ZIKV disease as negative flavivirus IgM test results after 7 days of symptoms effectively rules out recent ZIKV infection. 56 All suspected or confirmed ZIKV infections should be reported to local or state health departments, which can facilitate diagnostic testing.
Prevention, treatment, and future directions Prevention of ZIKV infection is aimed at avoiding mosquito bites. Wearing long-sleeved shirts and pants when feasible, using screens on windows or air conditioning when indoors, and using insect repellent when outdoors is recommended. 57 The CDC has specific suggestions regarding prevention of sexual transmission. 58 It is suggested that if a man lives in or has traveled to a ZIKV-endemic area, he should use condoms when having sex for 2 months after leaving if he is asymptomatic and for 6 months if he has had symptoms suggestive of ZIKV infection.
Per CDC guidelines, women who are pregnant should avoid traveling to areas with active transmission of ZIKV. 59 Women who are planning pregnancy should postpone conception for at least 2 months if they or their male partner have been in a Zika-endemic area, and for 6 months if the male partner was symptomatic. Pregnant women should ensure male partners who have recently been to a Zika-endemic area use condoms. 60 There is currently no available vaccine or antiviral therapy against ZIKV infection, but the first phase I trial for a synthetic DNA plasmid vaccine that encodes premembrane, membrane, and envelope proteins (GLS-5700; NCT02809443) will begin later this year. 61 Another phase I trial for a different DNA vaccine is also planned (VRC-ZKADNA085-00-VP; NCT02840487). Vaccines specific for Japanese encephalitis or yellow fever viruses are not thought to offer cross-protection against ZIKV infection.
Treatment is symptomatic and includes ensuring adequate hydration, rest, and fever reduction. 34 Aspirin and nonsteroidal anti-inflammatory drugs should be avoided until dengue virus infection is ruled out given the risk of dengue hemorrhagic fever. 62 There are a number of remaining questions related to ZIKV disease to be answered, including the effects of the timing of ZIKV infection during pregnancy and the risks and types of fetal disease, as well as the duration of ZIKV shedding in body fluids and their role in virus transmission. The development of in vitro and animal models to study viral pathogenesis will be critical to providing a rational basis for antiviral therapy and understanding the nature of ZIKV-associated neurodevelopmental and neurologic disease.
